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IN PEOPLE WITH SYMPTOMATIC KNEE OSTEOARTHRITIS. DATA
FROM THE MULTICENTER OSTEOARTHRITIS STUDY
B. Øiestad y, E. Quinn z, M. Nevitt x, C. Lewis k, J. Torner ¶, D. Felson z.
yOslo Univ. Coll., Oslo, Norway; zBoston Univ., Boston, MA, USA; xUniv.
of San Fransisco, San Fransisco, CA, USA; kUniv. of Alabama at
Birmingham, Birmingham, AL, USA; ¶Univ. of Iowa, Iowa, IA, USA
Purpose: Studies have shown stable or improved physical function
over time in people with symptomatic knee osteoarthritis (OA). Most
longitudinal studies have included complete cases data only, exclud-
ing those with a worse functional trajectory. Including physical
function values for missing visits and pre-surgical values of those
with total knee replacement (TKR) may identify modiﬁable predictors
of functional decline. The purpose of this study was to identify
modiﬁable predictors for self-reported and performance-based func-
tional decline over 7 years in all those with symptomatic knee OA in a
longitudinal cohort. We hypothesized that knee extensor muscle
weakness would be signiﬁcantly associated with functional decline
over time.
Methods: Subjects with symptomatic knee OA at baseline were inclu-
ded from the Multicenter Osteoarthritis (MOST) Study. We deﬁned
tibiofemoral symptomatic knee OA as present when a person had a
painful knee with Kellgren and Lawrence (KL) grade 2 in that knee.
Physical function was measured with the WOMAC physical function
subscale, the Chair Stands test, and the 20-meter walk test over 7 years.
Predictors included baseline knee extensor isokinetic muscle strength
(for symptomatic knee), knee ﬂexion contracture by exam, body mass
index (BMI), the Charlson Comorbidity score, the CES-D (depression)
score, and baseline WOMAC pain and stiffness. We imputed missing
values using 5multiple imputations. Predicted pre-TKR values just prior
toTKR in addition to data from all pre-TKR visits were included for those
who got TKR during the follow-up time. We conducted mixed models
with the following covariates: age, sex, race, baseline KL grade, and time
variable.
Results: The 834 study participants with symptomatic knee osteo-
arthritis at baseline (65.8% females) were on average 62.9 (±7.9)
years, with a mean BMI of 33.1 (±7.1) kg/m2. Modiﬁable predictors
for WOMAC physical function were extensor muscle weakness in the
symptomatic knee (p¼0.004), higher BMI (p¼0.001), pain (p<0.000),
stiffness (p¼0.003), and knee ﬂexion contracture (p¼0.023). Mod-
iﬁable predictors for the Chair Stands test included knee extensor
muscle weakness (p<0.000), higher BMI (p<0.000), pain (p¼0.002
for left knee and 0.025 for right knee), and for the 20-meter walk
test; knee extensor muscle weakness (p<0.000), BMI (p<0.000),
comorbidity (p¼0.007), depression score (p<0.000), and knee pain
(p¼0.002).
Conclusions: In the MOST study, knee extensor muscle weakness was
signiﬁcantly associated with self-reported and performance-based
functional decline over time in people with symptomatic knee osteo-
arthritis. Other modiﬁable predictors were higher BMI, pain, stiffness,
and knee ﬂexion contracture. People with symptomatic knee osteo-
arthritis would beneﬁt from tailored exercises and weight loss pro-
grams to prevent functional decline over time.265
BONE MINERAL DENSITY AND THE RISK OF KNEE OSTEOARTHRITIS:
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Purpose: There is credible evidence that high bone mineral density
(BMD) is associated with an increased risk of incident radiographic
osteoarthritis (ROA) of the knee. However, less is known about the
relationship of BMD and the outcome with greater clinical and public
health relevance, incident symptomatic ROA (sROA).
Methods: Using data (N¼951) from the Johnston County Osteoarthritis
Project’s ﬁrst (1999-2004) and second follow-up (2005-2010), we exam-
ined the association between BMD and both incident knee ROA and sROA
among participants aged 45 years. Total hip BMD at baseline was
measured using dual-energy X-ray absorptiometry. Participants were
grouped into sex-speciﬁc BMD quartiles because of large sex-speciﬁc
differences in BMD. Incident knee ROA was deﬁned as development of a
Kellgren-Lawrence grade of 2 in a knee at second follow-up. Incident
knee sROAwas deﬁned as onset of both ROA and symptoms in at least one
knee at second follow-up.Weibull regressionmodeling, which accounted
for interval censoreddata,wasused toestimatehazard ratios (HR) and95%
conﬁdence intervals (95% CIs). Multivariate models adjusted for age, BMI,
sex, race, education, smoking, physical activity, and history of knee injury.
Results: Median follow-up time was 6.8 (range¼4.0-10.2) years. Com-
pared with participants in the lowest BMD quartile, the multivariable
adjusted HRs (95% CIs) of sROA for participants in the second, third, and
highest quartiles of total hip BMD were 1.4 (0.9 to 2.4), 1.7 (1.1 to 2.7),
and 1.6 (1.02 to 2.5), respectively, p trend¼0.03. Risk of sROA risk did
not vary by total hip BMD quartiles, nor was the test of trend signiﬁcant
across BMD quartiles (p trend¼0.23).
Conclusions: Although high levels of BMD may signiﬁcantly increase
one’s risk of knee ROA, we found no evidence of an association between
BMD and the more clinically relevant outcome of knee sROA. These
ﬁndings suggest that adults can achieve and maintain a healthy BMD
without the tradeoff of increasing their risk of the painful and poten-
tially debilitating outcome of sROA.
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Purpose: Cardiovascular disease and osteoarthritis are two of the
commonest chronic diseases in older adults. While it is well known that
rheumatoid arthritis is prospectively associated with higher rates of
coronary heart disease, the association of osteoarthritis (OA) as a risk
factor for coronary heart disease (CHD) is less well explored. Notably,
there are shared risk factors for both OA and CHD including sedentary
lifestyle, metabolic factors and potentially pathobiologic mechanisms
such as inﬂammation and the accumulation of advanced glycation
endproducts. However, the few studies that have explored the possible
association between OA and CHD have largely been cross-sectional in
nature or have evaluated cardiovascular mortality. Therefore, we eval-
uated whether self-reported osteoarthritis are prospectively associated
with an increased risk of incident coronary heart disease in a large
cohort of postmenopausal women free of CHD at baseline.
Methods:Of the 161,808 postmenopausal women in theWomen’Health
Initiative, 96,047werewere in theobservational studyor theplacebo arm
of the clinical trials and were free of self-reported rheumatoid arthritis,
joint replacements, CHD at baseline and answered the question about
arthritis and had follow-up information. They comprise the analytic
sample. Self-reported OA was deﬁned by two questions; marking yes to
the question “Did your doctor ever say that you had arthritis?” and not
marking rheumatoid arthritis to the question, “What type of arthritis do
you have?”, and as such it is prone tomisclassiﬁcation bias. Symptomatic
OA was deﬁned as having self-reported OA and a positive response to a
joint pain or stiffness question as moderate to severe compared to none;
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and a positive response to the question;” Does your health now limit you
in these activities: Bending, kneeling, stooping” using a response of “yes,
limited a lot” compared to “yes, limited a little or no, not limited”. Myo-
cardial Infarction and CHD death deﬁned the CHD endpoint using
physician adjudication of medical records and death certiﬁcates. Multi-
variable Cox proportional hazards models were used to deﬁne hazards
ratios adjusting for age, race,SES( income, education); CHD RF( diabetes,
hyperlipidemia, hypertension, cigarette smoking, family history of CHD,
BMI); Lifestyle ( physical activity, total calories consumed per day, alter-
native healthy eating index, alcohol); Meds(aspirin, NSAIDs, beta-block-
ers, statins); Access to Care ( personal physician, insurance, modiﬁed
Charlson co-morbidity index) and Psychosocial RF( marital status, social
support, social strain, and depression).
Results: Of the 96,047 women, 40,421 had self-reported OA, and 55,662
did not have self-reported OA or developed OA after their CHD event. Of
those with OA, 2307 (5.7%) developed CHD events and 2183 (3.9%)
developed CHD events in the non OA group. In crude and age adjusted
analyses, self-reported OA, as well as both deﬁnitions of OA based on
symptoms, were associated with an increased prospective risk of CHD
(Table 1) compared to no OA. More speciﬁcally, and after full adjust-
ment, symptomatic OA deﬁned by self-reported OA plus limitation in
bending, kneeling and stooping had the greatest risk (18% higher)
whereas symptomatic OA deﬁned by self-reported OA plus pain and
stiffness had a 13% higher risk of CHD. However, self-reported OA alone
was no longer associated with an increased risk of CHD. Adjusting for
age, CHD risk factors , and lifestyle factors had the greatest confounding
effects while medication use, race, socioeconomic status, psychosocial
and access to care had minimal effects.
Conclusions: In this study, symptomatic osteoarthritis despite mis-
classiﬁcation bias is modestly associated with increased risk of coronary
heart disease in post-menopausal women with limitation in bending,
kneeling and stooping showing the greatest risk. Preliminary analysis
suggests that age,hypertension, excess body weight, total caloric intake
and lack of physical activity have the greatest confounding effects of this
increased risk.Prospective risk of incident coronary heart disease
Models OA Symptomatic OA (Joint Pain) Symptomatic OA (Bending)
Hazards Ration 95% CI Hazards Ratio 95% CI Hazards Ratio 95% CI
Crude 1.50 1.41e1.59 1.80 1.66e1.94 2.34 2.10e2.61
Age 1.18 1.11e1.25 1.45 1.34e1.57 1.78 1.59e1.99
Age þ Race þ SES 1.18 1.11e1.25 1.43 1.33e1.55 1.74 1.56e1.94
Age þ CHD risk factors 1.08 1.01e1.14 1.22 1.13e1.32 1.34 1.19e1.50
Age þ Lifestyle 1.15 1.04e1.17 1.30 1.20e1.41 1.45 1.30e1.63
Age þ Meds 1.15 1.08e1.22 1.40 1.29e1.51 1.70 1.52e1.91
Age þ Access to care 1.16 1.08e1.23 1.39 1.28e1.50 1.69 1.51e1.88
Age þ Psychosocial risk factors 1.16 1.09e1.24 1.39 1.29e1.51 1.68 1.51e1.88
Age þ All risk factors 1.02 0.96e1.09 1.13 1.04e1.22 1.18 1.05e1.33
Age þ HTN 1.12 1.06e1.19 1.34 1.23e1.44 1.58 1.42e1.77
Age þ BMI 1.12 1.05e1.25 1.30 1.20e1.41 1.47 1.32e1.65
Age þ Calories 1.14 1.07e1.21 1.35 1.25e1.46 1.52 1.35e1.70
Age þ Physical activity 1.15 1.08e1.22 1.36 1.26e1.48 1.62 1.45e1.82267
WHAT MEDIATES THE SIGNIFICANTLY REDUCED PROGRESSION OF
MENISCAL EXTRUSION AFTER A PREVENTIVE DIET AND EXERCISE
INTERVENTION IN OVERWEIGHT AND OBESE WOMEN?
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Purpose: Meniscal extrusion is thought to play a role in the onset of
knee OA. The preventive and pragmatic diet and exercise program (DEP)
of the PROOF study showed a signiﬁcant effect on the progression of
meniscal extrusion (adjusted OR 0.4 [0.2 - 0.8]). In order to better target
preventive treatments, it is essential to know what factors are inﬂu-
enced by DEP and subsequently affect the progression of meniscalextrusion. This can be done using so-called mediation analysis. There-
fore, the aim of the present study is to evaluatewhat factorsmediate the
effect of the DEP on the progression of meniscal extrusion.
Methods: Women between 50 and 60 years, with a BMI  27 kg/m2,
free of knee OA were recruited through their general practitioner. The
eligible and willing women were randomized over a 26 week diet and
exercise intervention and the control group. After 30 months, amongst
others, progression of OA features on MRI was evaluated. For the
present study the dominant leg of all women with complete follow-up
was selected for the analyses. The mediating effect of change in body
weight, physical activity, fat percentage, and waist circumference dur-
ing follow-up in the association between DEP and progression of
meniscal extrusion was assessed using the product of coefﬁcient
method by MacKinnon, adjusted for baseline K&L grade, meniscal
pathologies, varus alignment, BMI, age and previous knee injuries. First,
coefﬁcients for the association between DEP and the mediators were
calculated in a single regression model. Second, the coefﬁcients for the
association between the mediators and the outcome were calculated.
Using Sobel-tests, the product of both regression coefﬁcients of each
mediator were tested for signiﬁcance. Finally, the direct effect of DEP on
the progression of medial extrusion, additionally adjusted for the
mediators, was tested.
Results: Data of 335 women was available. Mean age was 55.6 ± 3.2
years and mean BMI was 32.3 ± 4.0 kg/m2. Half of all knees had a K&L
grade of 0 at baseline and 68% of all women were post-menopausal. As
shown in the Figure, there was a signiﬁcant direct effect of DEP on the
progression of meniscal extrusion, not through the proposed media-
tors (p ¼ 0.01). Of the proposed mediators, only a signiﬁcant effect of
DEP on the change in body weight was found (p ¼ 0.03). None of the
mediators showed a signiﬁcant effect on the progression of meniscal
extrusion (see ﬁgure). Hence, Sobel-tests showed no signiﬁcant indi-
rect effect of change in body weight (p ¼ 0.32), physical activity (p ¼
0.99), fat percentage (p ¼ 0.83), or waist circumference (p ¼ 0.95) in
the pathway from DEP to the progression of meniscal extrusion.
Conclusions: The executed mediation analysis provides insights into
the possible mechanisms of action of a preventive therapy on theprogression of a possible risk factor for OA development. Despite the
fact that meniscal extrusion is thought to be caused by mechanical
overload, the signiﬁcant effect of DEP on the progression on meniscal
extrusion was not mediated by either change in body weight, physical
activity, fat percentage, or waist circumference during follow-up. Given
the signiﬁcant direct effect, it is likely that other mediators not tested
here explain the signiﬁcant effect of DEP on the progression of meniscal
extrusion. This might be other surrogate factors of mechanical loading,
but perhaps also systemic factors related to inﬂammation. Mediation
analysis should be considered in future research as useful tool to better
understand the onset of knee OA and to better target preventive
therapies.
